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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
element exhibiting excellent emission efficiency by eliminating 
the effect of piezoelectric field sufficiently while sustaining 
good crystallinity of an active layer. 
SOLUTION: A quantum well active layer has a multilayer 
structure of a barrier layer undoped region (In0.02Ga0.98N 
layer 702), a well layer (undoped In0.2Ga0.8N layer 703) and a 
barrier layer n-type region (n-type InO.02GaO.98N layer 701), 
formed sequentially. Concentration of Si is set not higher than 
5 x 1018 cm-3 in the barrier layer n-type region. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device equipped with the barrier layer of 

quantum well structure. 

[0002] 

[Description of the Prior Art] In the HI group nitride semi-conductor light corpuscle child, the technique which 
makes a barrier layer the quantum well structure where the laminating of a barrier layer and the well layer was 
carried out by turns is used widely. The high increase in power of a component can be attained by adoption of 
quantum well structure. 

[0003] However, by the laser which adopted quantum well structure, the carrier separation by the 
piezoelectric effect may take place, and luminous efficiency may fall. Drawing 1 is a band Fig. of a quantum 
well which consists of InGaN. Electric field are impressed in a well according to a piezoelectric effect, it 
becomes band structure like drawing 1 , and the electron and electron hole which were poured into the 
quantum well dissociate spatially. Consequently, in order that the lap of the wave function of an electron and 
an electron hole may decrease and optical transition probability may decrease, luminous efficiency falls. It 
adds, and since both have dissociated spatially in case an electron and an electron hole recombine and emit 
light, luminescence wavelength will form long wavelength. 

[0004] In order to solve such a problem, in InGaN quantum well structure, the technique which dopes Si 
(silicon) to a barrier layer is often adopted (for example, S.Nakamura et al. Appl.Phys. Lett. 72 (2) P. 211). If Si 
dope is performed to a barrier layer, an electron will be emitted during a crystal, and when this electron is 
distributed within a quantum well layer, piezo electric field are covered. Hereafter, the conventional technique 
of performing Si dope to a barrier layer is explained. 

[0005] Drawing 2 is the example of the conventional technique of performing Si dope to a quantum well barrier 
layer in a gallium nitride system semi-conductor light corpuscle child. In drawing 2 , n mold field where the 
slash section doped Si, and the other part are undoping fields. 

[0006] Drawing 2 ( a ) js the structure indicated by JP.2000-1 33883.A. According to this official report, by 
addi ng n mold impurity of specific thickness and specific concentration for a barrier layer, and considering a 
well layer as undoping, and combining this undoping well layer and said barrier layer, photoelectric conversion 
efficiency can be raised by low Vf and few leakage current, and it is supposed that a radiant power output 
even with a good low power can be obtained. However, since a well layer will be formed on the barrier layer by 
which Si dope was carried out, this structure becomes the cause which a point defect may increase into a well 
layer, or the interface of a well layer and a barrier layer may become disorderly, and causes decline in 
luminous efficiency from a crystalline fall. 

[0007] Drawing 2 (b) and (c) are the configurations indicated by JP.2000-332364A Giving distribution which 
the technique which gives Si concentration distribution in a barrier layer is indicated, and is different by the 
case where they are the case where the outermost surface is a Ga side (c-th page), and N side (c-th [ -] 
page) as shown in drawing 2 (b) and (c) to this official report is indicated, namely, about the nitride system 
semi-conductor light emitting device whose outermost surface is an N (nitrogen) side In case Si doping to a 
barrier layer is performed, lowering doping concentration is indicated as it goes to the part near p mold side 
from n mold side, and when the outermost surface is a Ga (gallium) side Lowering doping concentration is 
indicated as it goes to the part near n mold side from p mold side conversely, and it is indicated to be this that 
piezo electric field can be effectively reduced by these approaches. Ga side (c-th page) and N side have the 
difference in structure as shown in drawing 12 . The slash section of drawin g 12 (a) is Ga side, and the slash 
section of drawing J 2 (b) is N side. Ga side and the direction of the piezo electric field generated in respect of 
N become the reverse sense exactly. The above-mentioned official report has advocated drawing 2 (b) and a 
doping profile as shown in (c) in consideration of the direction of this piezo electric field. However, according 
to examination of this invention person, with such structures, it is checked that effect of piezo electric field 
cannot necessarily be eliminated fully. 

[0008] Drawing 2 (d) is the configuration indicated by JP,1 1-340559, A. By doping a lot of Si to a barrier layer 
by profile like drawing 2 (d), a technique given [ this ] in an official report generates piezo electric field and the 
electric field of an opposite direction, while setting to the field of the upper and lower sides whose well layer is 
pinched (inside A and B of drawing), and it prevents the carrier separation which originates in piezo electric 
field by this. By this method, in order to generate piezo electric field and the electric field of an opposite 
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direction, it is necessary to dope a lot of Si in a barrier layer. In GaN, it is indicated by the paragraph 0010 of 
this official report that three or more [ 1019cm - ] dopes are required, and the example which introduced the 
impurity of 2x1019cm-3 in the example is shown in it-However, when such a lot of Si is introduced into a 
barrier layer, it may become the cause of a luminous efficiency fall — the defect of a barrier layer increases 
and a luminescence life becomes short. 

[0009] Drawing 2 (e) is the configuration indicated by JP.2001 -102629 A The structure where the field D by 
which n mold dope was carried out was inserted into the undoping fields [ like drawing 2 (e) ] C and E whose 
technique given [ this ] in an official report is is indicated. It is supposed by adopting such a configuration that 
forward voltage can be reduced, without causing aggravation of a component property. However, it was difficult 
to fully eliminate the effect of piezo electric field with such structures. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention fully eliminates the effect of piezo electric field in 
view of the above-mentioned situation, maintaining the crystallinity of a barrier layer good, and it aims at this 
offering the semiconductor device excellent in luminous efficiency. 
[0011] 

[Means for Solving the Problem] According to this invention, the well layer and barrier layer which consist of 
an III group nitride semi-conductor It is the quantum well structure which comes by turns to carry out a 
laminating to the crystal orientation expressed with x, and [y, - (x+y), z] (x and y are the integers of arbitration 
and z is the natural number). Said barrier layer Including n mold field and the undoping field where n mold 
impurity was doped, the high impurity concentration of said n mold field is three or less [ 5x1 01 8cm - ], and 
quantum well structure ** characterized by having formed said well layer on said undoping field, and forming 
said n mold field on this well layer is offered. According to this invention, it has a semi-conductor substrate 
and the quantum well structure formed on it. Moreover, said quantum well structure The well layer and barrier 
layer which consist of an III group nitride semi-conductor [x, y, - (x+y), It comes by turns to carry out a 
laminating to the crystal orientation expressed with z] (x and y are the integers of arbitration and z is the 
natural number). Said barrier layer Including n mold field and the undoping field where n mold impurity was 
doped, the high impurity concentration of said n mold field is three or less [ 5x1 01 8cm - ], and semiconductor 
device ** characterized by having formed said well layer on said undoping field, and forming said n mold field 
on this well layer is offered. 

[0012] According to this invention, since the well layer is formed on the undoping field, the crystallinity of a 
well layer becomes good. It is because the crystalline fall by n mold impurity is controlled. 
[0013] Moreover, the effect of piezo electric field is controlled by n mold field of the barrier layer formed on 
the well layer. As an approach of doping Si to the barrier layer of well layer right above, although indicated by 
the JP,1 1-340559.A official report, this was what prevents the carrier separation which is made to generate 
piezo electric field and the electric field of an opposite direction in the field of the upper and lower sides 
whose well layer is pinched, and originates in piezo electric field by this. On the other hand, this invention 
pours in a carrier to a well layer from the barrier layer which adjoins a well layer, and prevents the carrier 
separation which originates in piezo electric field by this, and a different principle from a technique given 
[ above-mentioned ] in an official report is used for it. The difference of this principle has prescribed the high 
impurity concentration in a barrier layer to low concentration in this invention rather than the high impurity 
concentration indicated to be three or less [ 5x1 01 8cm - ] at said JP,1 1-340559.A official report. According to 
examination of this invention person, when installation of such a low-concentration impurity also introduced 
the impurity into right above [ well layer ] correctly, it became clear that the carrier separation by sufficient 
piezo electric field can be controlled. This invention is made based on the starting new knowledge. 
[0014] According to this invention, according to the synergism of the above configuration, maintaining the 
crystallinity of a barrier layer good, the effect of piezo electric field can be reduced and outstanding luminous 
efficiency can be realized. 

[0015] In this invention, x and y are the integers of arbitration and z is the natural number. By carrying out like 
this, the effect of piezo electric field can fully be eliminated, maintaining the crystallinity of a barrier layer 
good, and, thereby, the semiconductor device which was further excellent in luminous efficiency can be 
offered. 

[0016] In this invention, the band gap of a barrier layer is larger than a well layer, and it points out vertical 
both the layers whose well layers are pinched. Let vertical both the layers whose well layers are pinched also 
in the case of single quantum well structure be barrier layers. In addition, in this invention, a multiplex quantum 
well or a single quantum well is sufficient as quantum well structure. 

[0017] After forming said n mold field furthermore according to this invention, being the manufacture approach 
of the above-mentioned semiconductor device, and supplying the material gas of an III group nitride semi- 
conductor, and the material gas of n mold impurity, Supply of the material gas of said n mold impurity is 
suspended, the material gas of an III group nitride semi-conductor is supplied, and the manufacture approach 
of the semiconductor device characterized by including the process which forms said well layer where the 
material gas of n mold impurity in a growth ambient atmosphere is eliminated after that is offered. 
[0018] If n mold impurity is introduced at the time of well layer growth, luminous efficiency will tend to fall 
remarkably. Since according to the manufacture approach concerning this invention a well layer is formed 
where the material gas of n mold impurity is eliminated, such a problem is solvable. 
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CO019] In this manufacture approach, the process formed without taking out multiplex quantum well structure 
from growth equipment by vapor growth shall be included. The configuration which considers time amount after 
suspending supply of the material gas of n mold impurity at this time until it starts formation of said well layer 
& s the above for 30 seconds is employable. For example, after forming n mold field, the configuration which 
considers time amount of the time of the first process termination to the time of the third process initiation as 
the above for 30 seconds is employable including the first process which suspends supply of the material gas 
of n mold impurity, the second process which forms said undoping field, and the process which forms said well 
, a yer Thus, by establishing the time amount which stops feeding, mixing of n mold impurity to a subsequent 
growth phase can be prevented effectively. This stop time is most preferably considered as the above for 100 
seconds more than for 60 seconds. By carrying out like this, mixing of n mold impurity to a growth phase can 
pe prevented more certainly, and the crystal quality of a barrier layer, especially a well layer can be raised 
more. The quantum well structure concerning this invention can be applied to photo detectors, such as light 
emitting devices, such as semiconductor laser and light emitting diode, a solar battery, and a photosensor a 
modulator, etc., and can also be applied to electronic devices, such as FET (field effect transistor). When it 
applies to a barrier layer an optical waveguide layer, etc. of a light emitting device, specifically, outstanding 
hjm.nous efficiency can be realized. On the other hand, with a GaN system semi-conductor, in case the n mold 

l .! grown up ln an electron device - in order to obtain big mobility, it is necessary to add a lot of n mold 
impurities, since there are very many defects. A good n-type-semiconductor layer is obtained by doping n 
mold .mpunty only ,n the lower layer section of the n type layer, as shown in this invention, and growing up an 
undoping layer after that in that case, without worsening the crystallinity of the layer which grows up to be the 
upper layer further. In addition, the direction where the semi-conductor layer carries out the laminating of the 
direction of a laminating in this invention on the substrate is said 
[0020] 

[Embodiment of the Invention] In this invention, high impurity concentration (average concentration) of n mold 
field of well layer right above ,s made or less [ 5x1 01 8cm - ] into three. Maintaining the crystallinity of a 
barner layer good by carrying out like this, the effect of piezo electric field was reduced and outstanding 
luminous efficiency is realized If the high impurity concentration of n mold field is too high, the crystallinity of 
a barrier layer will fall and luminous efficiency will fall. Although the minimum of n mold high impurity 
concentration is suitably defined according to the target engine performance etc.. it takes or more [ 5x101 7cm 

. ^ J u t n f [ 1x1 „ 01 7 cm ~ ] Preferably. If it does in this way. the carrier separation by piezo 
electric field can fully be controlled, and luminous efficiency can be raised further. In addition the high 

rZt, 00 ^ 0 ", 3 qUantUm We " Can be meas "^ by SIMS (secondary ion mass spectroscopy) 
L0021 j The field directly under a well layer is made into the undoping field in this invention. The field where the 
undopmg field has not doped n mold impurity more than predetermined concentration is said, and the thing 
containing a small amount of n mold impurity is also contained, n mold high impurity concentration of an 
undoping field is preferably made less than [ 1x1016cm - ] into three less than [ 1x1017cm - ] three for 
example. If ,t does in this way. the crystallinity of the well layer formed on an undoping field can be made good 
and luminous efficiency can be raised. 

[0022] The barrier layer of the light emitting device concerning this invention may be which structure of a 
mult.plex quantum well and a single quantum well. When multiplex quantum well structure is adopted the 
effectiveness of this invention which eliminates the effect of piezo electric field becomes more remarkable 
maintaining good crystallinity. When adopting multiplex quantum well structure, after forming a barrier layer' n 
mold field, it becomes the procedure which forms a barrier layer undoping field and subsequently forms a well 
layer. After forming n mold field at this time, mixing of n mold impurity to a subsequent growth phase can be 
preferably prevented effectively 60 seconds or more 30 seconds or more by establishing the time amount 
rr,no£iT? PS g n m ° ld impurit y for 100 seconds or more still more preferably 

L0023J The light emitting device concerning this invention has the laminated structure which the well layer was 
formed L laminated structure ] on the barrier layer undoping field, and had the barrier layer n mold field formed 
on ,t. Here, although having touched directly is desirable as for a barrier layer undoping field top and a well 
layer other layers 2nm or less may intervene. Moreover, although having touched directly is desirable between 
a well layer and a barrier layer n mold field, the ultra-thin film 2nm or less may intervene. For example you 
fvWiT f Undoping barrier la V er 2nm or le *s between a well layer and a barrier layer n mold field 
I0UZ4J In this invention, n mold impurity of predetermined concentration is doped to the barrier layer of the 
right above of a well layer Drawing 3 draws typically the band structure of the quantum well in this invention 
by doping Si into the part (part which has required the skirt) into which the electron wave function has spread 
an electron is efficiently alike, it is poured into a well, and luminous efficiency is improved effectively In 
addition, since it is about 2nm. if the effusion of the wave function to a barrier layer is doped less than 2nm 

rnnoRi ^ 1 a x We " laVer 1 * is effective - This P°'nt is hereafter explained with reference to drawing 3 
L0025J The wave function which oozed out to the barrier layer decreases exponentially like drawing 3 (a). The 
invasion length lambda at that time is [Equation 1]. 

h 

1= =_ 

2/Ty 2rwV 
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It is come out and given. At this time, h is a Planck's constant (6.63x10-34 J-s), and m is an electronic 
effective mass. (1.82x10-31 kg) V is the height of the barrier layer to a well layer. It is [Equation 2] when it 
asks for the invasion length lambda from these. 

h 

X = . =^ 2X 10" 9 (m) 

27TV2mV 

That is, the invasion length lambda can be found witn. about 2nm. 

[0026] If n mold impurity is doped less than 2nm right above [ of a well layer ], the improvement effectiveness 
of luminous efficiency will become remarkable from the above thing. If n mold field exists in one part of less 
than 2nm right above [ of a well layer ], the effectiveness of this invention will be acquired. That is, the ultra- 
thin film 2nm or less may intervene between a well layer and n mold field. However, since it decreases 
exponentially like drawing 3 (a), in order to fully acquire the above-mentioned effectiveness, as for the wave 
function which oozed out to the barrier layer, it is desirable to prepare n mold field so that right above [ well 
layer ] may be touched. 

[0027] In this invention, 3nm or more of 5nm or more of thickness of an undoping field is 7.5nm or more 
preferably. Although there is especially no upper limit of thickness, it may be 20nm or less, for example. By 
preparing the undoping field of such thickness, the crystalline fall by n mold field can be recovered, and the 
crystallinity of the well layer formed in the upper part can be made good. 

[0028] Moreover, 2nm or more of thickness of n mold field is 3nm or more more preferably. About an upper 
limit, 10nm or less is more preferably set to 8nm or less. If the thickness of n mold field is too thin, it will 
become difficult to fully cover piezo electric field. When the thickness of n mold field is too thick, the 
crystallinity of a barrier layer may fall. 

[0029] As for n mold high impurity concentration of the whole barrier layer which united n mold field and the 
undoping field, in this invention, it is desirable to carry out to three or less [ 3x1 01 8cm - ]. The further 
excellent luminous efficiency is realizable, maintaining the crystallinity of a barrier layer good, if it does in this 
way. 

[0030] Various things can be used for a substrate in this invention. For example, the dissimilar-material 
substrate of ID group nitride semi-conductor substrates, such as GaN and AIGaN, sapphire, SiC, and MgAI204 
grade etc. can be used. Among these, when an ID group nitride semi-conductor substrate is used, the 
improvement effect of luminous efficiency becomes much more remarkable. When the laser structure which 
consists of a GaN system semi-conductor using dissimilar-material substrates, such as sapphire, is formed, 
many defects will be included in a barrier layer, a carrier is caught by the defect, and nonluminescent 
recombination etc. becomes easy to happen. As an approach of avoiding this, impurities, such as Si, are doped 
comparatively so much in a barrier layer, localization is carried out to the above-mentioned defect, and it 
becomes effective that a carrier is caught by the defect. However, when such an approach is adopted, as 
mentioned above, the crystal quality of the barrier layer by Si may deteriorate, and luminous efficiency may 
fall. On the other hand, luminous efficiency is effectively improvable, piezo electric-field shielding effect 
sufficient with a small amount of n mold impurity being acquired, and maintaining the crystallinity of a barrier 
layer good by combining this and the quantum well barrier layer which has the doping profile of n mold impurity 
specified by this invention, using an III group nitride semi-conductor substrate as a substrate. 
[0031] As for the surface dislocation density of the above-mentioned viewpoint to an III group nitride semi- 
conductor substrate, it is desirable that it is two or less [ 108 //cm ]. Such a low migrating group plate can be 
obtained by FIELO (Facet-Initiated Epitaxial Lateral Overgrowth) or the pendeoepitaxy method shown below. 
[0032] (FIELO law) Thin GaN is formed on substrates, such as sapphire, and stripe-like Si02 mask is formed 
on it. By making mask opening carry out selection longitudinal direction growth of the GaN, a GaN layer with 
little surface dislocation density is obtained. A rearrangement is not only blocked with Si02 mask, but this is 
because it is bent to a substrate horizontal direction at the time of selection longitudinal direction growth. This 
approach is "application physics. It is indicated by the 68th volume, 774th page - 779th page [ of the 7 No. 
(1999)]". etc. 

(The pendeoepitaxy method) After forming a low-temperature buffer layer on a substrate, the GaN layer which 
consists of a single crystal is formed. Subsequently, the pattern of GaN prolonged in the shape of a stripe is 
formed by carrying out selective etching using a mask. By carrying out crystal growth from the top face or 
side face of this GaN stripe, a substrate layer with little surface dislocation density can be formed. The 
pendeoepitaxy method is indicated by "Tsvetankas.2helevaet.aluminum.;MRSInternet J.Nitride 
Semicond.Res.4S1, G3.38 (1999), etc.", for example. 

[0033] In addition, the surface dislocation density of an III group nitride semi-conductor substrate measures an 
etch pit, or can measure the cross-section section by well-known approaches, such as carrying out TEM 
observation. 

[0034] The "III group nitride semi-conductor" in this invention is effective when it is made into the gallium 
nitride system semi-conductor expressed with a general formula InxAlyGaN (0<=x<=1, 0<=y<=1). Moreover, the 
III group nitride semi-conductor layer is more effective when it shall have the crystal structure of a wurtzite 
mold. Since big piezo electric field occur and the effect of piezo electric field becomes remarkable into a 
barrier layer when such an ingredient is used, the depressor effect of the piezo electric field by this invention 
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is demonstrated more notably. 

[0035] The quantum well structure concerning this invention has the configuration the well layer and barrier 
layer which consist of an III group nitride serpi-conductor come by turns to carry out a laminating to the 
crystal orientation expressed with x, and [y, - (x+y), z] (x and y are the integers of arbitration and z is the 
natural number). For example, it is the III group nitride semi-conductor layer which has the crystal structure of 
a wurtzite mold, and a crystal growth shaft can consider as the semi-conductor layer which has a forward 
component in the direction of a c-axis, i.e., the [0001] directions. As such a semi-conductor layer, if for 
example, a gallium nitride system semi-conductor is fnentione«d as an example, "the semi-conductor layer which 
makes a growth side a field (1-101), a field (11-21), etc. will be illustrated. 

[0036] The difference in such a crystal growth side can be specified by evaluating what kind of elements the 
outermost surface consists of. When InxAlyGa1-x-yN (0<=x<=1, 0<=y<=1) is chosen as a semiconductor 
material and C side, i.e., (0001), a field, is made into a crystal growth side, the outermost surface turns into Ga 
side (c-th page), as shown in drawing 12 . Although X-ray analysis is effective in order to check what kind of 
field the outermost surface is, it can also check simple by carrying out wet etching of the front face with a 
predetermined drug solution. For example, in the case of a gallium nitride system semi-conductor, etching only 
the field of N polarity is known and an etching agent like a potassium hydroxide can be easily judged by using 
this in Ga side (c-th page) or N side (c-th [ -] page). In order to consider as the semi-conductor layer which 
has the crystal growth side specified by this invention, it is important to choose suitably the crystal growth 
side of a crystal growth substrate and a substrate, the growth conditions of a semi-conductor layer, etc. 
Moreover, it is also important to wash a substrate front face on suitable conditions, for example, on the c-th 
page of sapphire, in order to grow up the semi-conductor layer which makes C side, i.e., (0001), a field, a 
crystal growth side, it is effective to heat-treat a substrate front face on condition that predetermined under 
a hydrogen ambient atmosphere. 

[0037] This invention is more effective when a well layer applies to the configuration containing In. It is known 
that In will tend to start phase separation in a barrier layer. For this reason, if piezo electric field occur in a 
quantum well, conjointly, oscillation wavelength turns into many wavelength, or the operation by the 
presentation ununiformity by phase separation and piezo electric field of In may cause the phenomenon of 
changing luminescence wavelength distribution by the inrush current. According to this invention, such a 
phenomenon can be controlled effectively and the property containing In of quantum well barrier layer original 
can be demonstrated. 

[0038] As for n mold impurity, in this invention, it is desirable that a kind of element chosen from the group 
which consists of Si, O, germanium, and Sn shall be included at least. If it does in this way, decline in the 
luminous efficiency by piezo electric field can be controlled effectively. 

[0039] In this invention, the configuration in which n mold high impurity concentration is decreasing 
continuously in the field between n mold field in a barrier layer and an undoping field is employable. Maintaining 
the crystallinity of a barrier layer good, if it does in this way, the effect of piezo electric field can be reduced 
and outstanding luminous efficiency can be realized. 
[0040] 

[Example] <Example 1> Drawing 4 is the outline sectional view of the III-V group nitride semiconductor laser 
concerning this invention. In drawing 4 , on silicon on sapphire 401 with a thickness of 330 micrometers which 
uses C side as a front face The low-temperature GaN buffer layer 402 with a thickness of 40nm, n mold with a 
thickness of 1.5 micrometers The GaN contact layer 403, The multiplex quantum well structure barrier layer 
406 of three periods which consist of the n mold aluminum0.07Ga0.93N cladding layer 404 with a thickness of 
1 micrometer, the n mold GaN lightguide layers 405 with a thickness of 0.1 micrometers, In0.2Ga0.8N quantum 
well layers with a thickness of 3nm, and InO.02GaO.98N barrier layers with a thickness of 10nm, The p mold 
aluminumO.2GaO.8N cap layer 407 with a thickness of 20nm, the p mold GaN lightguide layer 408 with a 
thickness of 0.1 micrometers, the p mold aluminumO.07GaO.93N cladding layer 409 with a thickness of 0.6 
micrometers, the p mold GaN contact layer 410 with a thickness of 0.05 micrometers, and nickel The p 
electrode 41 1 and the two-layer metal n electrode 412 of Ti/aluminum which consist of a two-layer metal 
of /Au are formed. In drawing 4 p ^old cladding layer 409 and p mold contact layer 410 are processed into 
the ridge structure 413 of the shape of a stripe with a width of face of 3 micrometers by etching, and are 
carrying out the constriction of the current only to the ridge part with Si02 film 414 formed except for the 
head of a ridge. Moreover, it sets to drawing 4 an <_ is n mold by etching. The GaN contact layer 403 is exposed 
and the n electrode 412 is formed in the top face. 

[0041] Next, the process of the layer structure of drawing 4 is explained. Organic metal chemical-vapor- 
deposition equipment (henceforth. MOCVD) was used for formation of each semi-conductor layer. The growth 
pressure was set to 100Torr(s) in all the fields of growth of a semi-conductor layer. Ammonia (henceforth, 
NH3) as an III group element source of supply as a V group element source of supply Moreover, 
trimethylgallium (henceforth, TMG), Trirnethylaluminum (henceforth, TMA), trimethylindium (henceforth, TMI), 
Bis-ethylcyclopentadienyl magnesium (following (EtCp) 2Mg), silane (henceforth, SiH4) It uses. About an 
organic metal, each cylinder temperature as -10 degrees C, 20 degrees C, and 30 degrees C The saturated 
steam was supplied within the reaction by carrying out bubbling by N2 of pressure 760Torr. First, the silicon on 
sapphire 401 which uses C side as a front face was installed within the reaction, it heated at 1100 degrees C 
under the hydrogen ambient atmosphere, and clarification on the front face of a substrate was performed. 
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Next, substrate temperature was made into 500 degrees C, TMG5sccm and NH310slm were supplied, and the 
40nm low-temperature GaN buffer layer 402 was-formed on silicon on sapphire 401. Next, supply of TMG was 
stopped and substrate temperature was made into 1V00 degrees C. Subsequently, TMG15sccm, SiH45sccm as 
a dopant and NH310slm were supplied, and the n mold GaN contact layer 403 with a thickness of 1.5 
micrometers was formed on the substrate. Furthermore, TMG15sccm, TMA5sccm, SiH45sccm, and NH310slm 
are supplied on a substrate, and it is n mold with a thickness of 1 micrometer. Subsequently TMG15sccm, 
SiH45sccm, and NH310slm were supplied for the aluminum0.07Ga0.93N cladding layer 404, and the n mold GaN 
lightguide layer 405 with a thickness of 0.1 micrometers was formed. The multiplex quantum well structure 
barrier layer 406 which holds the temperature of a substrate 401 at 800 degrees C T supplies TMGIOsccm, 
TMISOsccm or 30sccm(s), SiH45sccm, and NH310slm next, and consists of three periods of the InO.2GaO.8N 
quantum well layer of 3nm of thickness and the InO.02GaO.98N barrier layer of 5nm of thickness on a substrate 
was formed. 

[0042] Here, formation of the multiplex quantum well structure barrier layer 406 is explained in detail using 
.drjawjngjii ■ The temperature of a substrate 401 is held at 800 degrees C, TMGIOsccm, TMI30sccm, 
SiH45sccm, and NH310slm are supplied, and the 2.5nm n mold InO.02GaO.98N barrier layer 501 is formed. Next, 
only supply of SiH4 is suspended, supplying other raw materials is continued for 100 seconds, and the 7.5nm 
undoping InO.02GaO.98N barrier layer 502 is formed. Furthermore, the quantity of the amount of supply of TMI 
is increased to 50sccm(s), and the 3nm undoping In0.2Ga0.8N well layer 503 is formed. 3 period repeat and the 
last end this process by undoping InO.02GaO.98N layer 502. The above barrier layer formation process was 
carried out without taking out from growth equipment. 

[0043] Thus, they are TMG15sccm and TMA5sccm on the formed barrier layer 406, 2Mg 5sccm and NH310slm 
were supplied as a dopant (EtCp), and the p mold aluminumO.2GaO.8N cap layer 407 with a thickness of 20nm 
was formed. Subsequently, the temperature of a substrate 401 is held at 1100 degrees C, and it is 
TMG15sccm on a substrate, 2Mg 5sccm and NH310slm were supplied as a dopant (EtCp), and the p mold GaN 
lightguide layer 408 with a thickness of 0.1 micrometers was formed. Subsequently, TMG15sccm and 
TMA5sccm, 2Mg 5sccm and NH310slm were supplied as a dopant (EtCp), and the p mold 
aluminumO.07GaO.93N cladding layer 409 was formed. Next, TMG15sccm, 2(EtCp) MgSsccm, and NH310slm 
were supplied on the substrate, and the p mold GaN contact layer 410 with a thickness of 0.05 micrometers 
was formed. Then, the substrate 401 was picked out from growth equipment and the p mold 
aluminum0.07Ga0.93N cladding layer 409 and the p mold GaN contact layer 410 were processed into the ridge 
structure 413 of the shape of a stripe with a width of face of 3 micrometers by etching. Furthermore except 
for the head of a ridge, Si02 film 414 was formed, and the p electrode 41 1 which consists of a two-layer metal 
of nickel/Au was formed with vacuum deposition. Moreover, it is n mold by etching. The GaN contact layer 403 
was exposed and the n electrode 412 which consists of a two-layer metal of Ti/aluminum was formed in the 
top face with vacuum deposition. 

[0044] The barrier layer of the obtained semiconductor laser had the structure in which the barrier layer 
undoping field / well layer / barrier layer n mold field carried out the laminating in this order, and the profile of 
each class was as follows. 

barrier layer undoping field (undoping In0.02Ga0.98N barrier layer 502): — 2.5nm of thickness and 3 less than 
[ 7.5nm of thickness, 3nm of less than / Si concentration 1x1017cm-3 / well layer (undoping In0.2Ga0.8N well 
layer 503):thickness, and 1x1 01 7cm Si concentration to ] barrier layer n mold field (n mold InO.02GaO.98N 
barrier layer 501 ^concentration [ Si / of 4x1 01 8cm ] (average)-3Si concentration were measured by SIMS. 
Drawing 1 1 is Si concentration profile and In concentration profile of a quantum well barrier layer which were 
obtained by this example. In SIMS analysis, in order to tunnel a sample by the ion beam, the element detected 
is driven in in the depth direction and the profile obtained lengthens the skirt. Therefore, although a 
measurement result which seems to mix Si even in the well layer directly under a barrier layer also in drawing 
11 is brought. Si is doped with the controllability sufficient only right above [ of a well layer (undoping 
inO.2GaO.8N well layer 503) ] in fact. 

[0045] Moreover, when simple evaluation by wet etching was performed about the sample which formed the 
semi-conductor layer in the same process as the above and the polarity of the p mold GaN contact layer 410 
was investigated, it was checked that the front face of this layer is a Ga side (c-th page). 
[0046] When luminescence reinforcement and a luminescence life were evaluated by the conventional method 
about the semiconductor laser of this example, luminescence reinforcement was 10a.u. and the luminescence 
life was 0.8ns. 

[0047] In this example, since it can prevent supplying n mold impurity raw material which remained in piping of 
the section of a reaction, or growth equipment by establishing the time amount which suspends n mold 
impurity raw material during well layer growth after growing up the barrier layer which doped n mold impurity, a 
well layer is not polluted by n mold impurity, but a quality well layer is obtained. Consequently, a light emitting 
device with luminous efficiency high as mentioned above can be obtained. 

[0048] Moreover, among barrier layers, about the part directly under a well layer, n mold impurity which checks 
growth is not introduced, but it considers as undoping, and crystalline improvement is aimed at. While growing 
up, the crystallinity which deteriorated at the time of the dope stratification recovers this undoping layer. For 
this reason, the crystallinity of the well layer formed on it can be raised, and the luminous efficiency of a light 
emitting device is improved also from this point. 
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[0049] In addition, in this example, although the barrier layer is formed in two kinds of layers, the n mold 
In0.02Ga0.98N barrier layer 501 and the undoping InO.02GaO.98N barrier layer 502, the layer which carries out 
concentration change, or the layer which carries out concentration change staiHike can be inserted in the 
shape of a slope between the layers from which the concentration of two kinds of this n mold impurity is 
different, and the same effectiveness can be acquired also by carrying out concentration change. 
[0050] <Example 2> Drawing 6 is the outline sectional view of the I1I~V group nitride semiconductor laser 
concerning this example. In drawing 6 , laser structure is formed on the n mold GaN substrate 601 with a 
thickness of 330 micrometers with which this III— V group nitrrcle semiconductor laser uses C side as a front 
face. FIELO which mentioned above this n mold GaN substrate 601 — when the consistency of the etching pit 
which produced by law and was generated using the phosphoric-acid system solution was measured, surface 
dislocation density was less than [ 108 //cm ] two. Since the surface dislocation density of a substrate is low, 
the dislocation density of the barrier layer formed in the upper part can be reduced, and the improvement 
effectiveness of the luminous efficiency by the doping profile of n mold impurity concerning this invention is 
acquired more notably. Hereafter, the manufacture approach of the semiconductor laser of this example is 
explained. 

[0051] First on the n mold GaN substrate 601 n mold with a thickness of 1.5 micrometers The GaN layer 602, 
The multiplex quantum well structure barrier layer 605 of three periods which consist of the n mold 
aluminumO.07GaO.93N cladding layer 603 with a thickness of 1 micrometer, the n mold GaN lightguide layers 
604 with a thickness of 0.1 micrometers, InO.2GaO.8N quantum well layers with a thickness of 3nm, and 
InO.02GaO.98N barrier layers with a thickness of 10nm, It is formed on the p mold aluminum0.2Ga0.8N cap layer 
606 with a thickness of 20nm, the p mold GaN lightguide layer 607 with a thickness of 0.1 micrometers, and 
the p mold GaN lightguide layer 607. The stripe-like opening 613 with a width of face [ of a direction ] of 2 
micrometers The p mold aluminum0.07Ga0.93N cladding layer 609 with a thickness of 0.5 micrometers 
alternatively formed on the oxidation silicon mask 608 and the oxidation silicon mask 608 with a thickness of 
0.2 micrometers which it had, the p mold GaN contact layer 610 with a thickness of 0.05 micrometers, and 
nickel The p electrode 61 1 and the two-layer metal n electrode 612 of Ti/aluminum which consist of a two- 
layer metal of /Au are formed. The n electrode 612 is formed in the rear face of the n mold GaN substrate 
601 in drawing 6 . 

[0052] Next, the formation process of a semi-conductor layer is explained. MOCVD was used for formation of 
a semi-conductor layer. The growth pressure was set to 100Torr(s) in all fields, moreover — as V group 
element source of supply — NH3 — as an III group element source of supply — TMG, TMA. and TMI2 (EtCp) 
— the saturated steam was supplied within the reaction using Mg and SiH4 by carrying out bubbling of each 
cylinder temperature by N2 of pressure 760Torr about an organic metal as -10 degrees C, 20 degrees C, and 
30 degrees C. First, the n mold GaN substrate 601 which uses C side as a front face is installed within a 
reaction, and it heats at 1100 degrees C under a hydrogen ambient atmosphere, and, subsequently is 
TMG15sccm, SiH45sccm as a dopant and NH310slm were supplied, and the n mold GaN layer 602 with a 
thickness of 1.5 micrometers was formed on the substrate. Furthermore, TMG15sccm, TMA5sccm, 
SiH45sccm, and NH310slm are supplied on a substrate, and it is n mold with a thickness of 1 micrometer. 
Subsequently TMG15sccm, SiH45sccm, and NH310slm were supplied for the aluminumO.07GaO.93N cladding 
layer 603, and the n mold GaN lightguide layer 604 with a thickness of 0.1 micrometers was formed. The 
multiplex quantum well structure barrier layer 605 which holds the temperature of the N type GaN substrate 
601 at 800 degrees C, supplies TMGIOsccm, TMI50sccm or 30sccm(s), and NH310slm next, and consists of 
three periods of the In0.2Ga0.8N quantum well layer of 3nm of thickness and the In0.02Ga0.98N barrier layer 
of 10nm of thickness on a substrate was formed. 

[0053] Here, formation of the multiplex quantum well structure barrier layer 605 is explained in detail using 
drawing 7 . The temperature of the N type GaN substrate 601 is held at 800 degrees C, TMGIOsccm, 
TMI30sccm, SiH45sccm, and NH310slm are supplied, and n mold InO.02GaO.98N layer 701 [ 2.5nm ] is formed. 
Next, only supply of SiH4 is suspended, supplying other raw materials is continued for 100 seconds, and 
undoping In0.02Ga0.98N layer 702 [ 7.5nm ] is formed. Furthermore, the quantity of the amount of supply of 
TMI is increased to 50sccm(s), and undoping InO.2GaO.8N layer 703 [ 3nm ] is formed. 3 period repeat and the 
last end this process by undoping ln0.02Ga0.98N layer 702. The above barrier layer formation process was 
carried out without taking out from growth equipment. 

[0054] Next, they are TMG15sccm and TMA5sccm on the quantum well structure barrier layer 605, 2Mg 
5sccm and NH310slm were supplied as a dopant (EtCp), and the p mold aluminum0.2Ga0.8N cap layer 606 with 
a thickness of 20nm was formed. Subsequently, the temperature of the N type GaN substrate 601 is held at 
1100 degrees C, and it is TMG15sccm on a substrate, 2Mg 5sccm and NH310slm were supplied as a dopant 
(EtCp), and the p mold GaN lightguide layer 607 with a thickness of 0.1 micrometers was formed. Next, the 
oxidation silicon mask 608 was formed. After having taken out from growth equipment after cooling the N type 
GaN substrate 601 to a room temperature first, and forming the oxidization silicon film of 0.2 micrometers of 
thickness with a sputtering system, the opening 613 with a width of face of 2.0 micrometers was formed 
according to the photograph RISOGURAFU process and the etching process. Then, the N type GaN substrate 
601 is again installed in growth equipment, it heats at 1 100 degrees C, and they are TMG15sccm and 
TMASsccm, 2Mg 5sccm and NH310slm were supplied as a dopant (EtCp), and the p mold aluminum0.2Ga0.8N 
cladding layer 609 was formed. Next TMG15sccm, 2(EtCp) Mg5sccm, and NH310slm were supplied, and the p 
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mold GaN contact layer 610 with a thickness of 0.05 micrometers was formed. Then, the substrate was picked 
out from growth equipment the oxidation silicon film 614 was formed except for the head of a ridge, and the p 
electrode 61 1 which consists of a two-layer metal of wickel/Au was formed with vacuum deposition. Moreover, 
the n electrode 612 which consists of a two-layer metal of Ti/aluminum was formed in the rear face of the N 
type GaN substrate 601 with vacuum deposition. 

[0055] The barrier layer of the obtained semiconductor laser had the structure in which the barrier layer 
undoping field / well layer / barrier layer n mold field carried out the laminating in this order, and the profile of 
each class was as follows. • * 

barrier layer undoping field (In0.02Ga0.98N layer 702): — 2.5nm of thickness and 3 less than [ 7.5nm of 

thickness, 3nm of less than / Si concentration 1x1017cm-3 / well layer (undoping In0.2Ga0.8N layer 

703):thickness, and 1x1 01 7cm Si concentration to ] barrier layer n mold field (n mold In0.02Ga0.98N layer 

701 ^concentration [ Si / of 4x1 01 8cm ] (average)-3Si concentration were measured by SIMS. 

[0056] Moreover, when simple evaluation by wet etching was performed about the sample which formed the 

semi-conductor layer in the same process as the above and the polarity of the p mold GaN contact layer 610 

was investigated, it was checked that the front face of this layer is a Ga side (c-th page). 

[0057] When luminescence reinforcement and a luminescence life were evaluated by the conventional method 

about the semiconductor laser of this example, luminescence reinforcement was 12a.u. and the luminescence 

life was 1.0ns. 

[0058] In this example, since it can prevent supplying n mold impurity raw material which remained in piping of 
the section of a reaction, or growth equipment by establishing the time amount which suspends n mold 
impurity raw material during well layer growth after growing up the barrier layer which doped n mold impurity, a 
well layer is not polluted by n mold impurity, but a quality well layer is obtained. Consequently, a light emitting 
device with luminous efficiency high as mentioned above can be obtained. 

[0059] Moreover, among barrier layers, about the part directly under a well layer, n mold impurity which checks 
growth is not introduced, but it considers as undoping, and crystalline improvement is aimed at. While growing 
up, the crystallinity which deteriorated at the time of the dope stratification recovers this undoping layer. For 
this reason, the crystallinity of the well layer formed on it can be raised, and the luminous efficiency of a light 
emitting device is improved also from this point. 

[0060] Furthermore by this example, the N type GaN substrate 601 of low dislocation density is used as a 
crystal growth substrate substrate. For this reason, the crystallinity of a quantum well barrier layer is good, 
and becomes more remarkable [ the improvement effect of the luminous efficiency by adoption of the above- 
mentioned Si concentration profile ] from the case where silicon on sapphire is used. 

[0061] In addition, in this example, although the barrier layer is formed in two kinds of layers, n mold impurity 
dope layer 701 and the undoping layer 702, the layer which carries out concentration change, and the layer 
which carries out concentration change stair-like can be inserted in the shape of a slope between the layers 
from which the concentration of two kinds of this n mold impurity is different, and the same effectiveness can 
be acquired also by carrying out concentration change. 

[0062] <Example 1 of a comparison> In the semiconductor laser shown in an example 2 and drawing 6 , the 
sample which carried out Si doping profile of a barrier layer as shown in drawing 2 (a), (c), and (e) was 
produced and evaluated, respectively. 

[0063] Sample a adopts n mold impurity doping profile of drawing 2 (a), and is using it as 10nm of barrier 
layers, and 3nm of well layers. 

[0064] Sample b adopts n mold impurity doping profile of drawing 2 (c). uses it as 10nm of barrier layers, and 
3nm of well layers, and is setting 5nm and a barrier layer n mold field to 5nm for the barrier layer undoping 
field. 

[0065] Sample c adopts n mold impurity doping profile of drawing 2 (e), uses it as 10nm of barrier layers, and 
3nm of well layers, and is setting each 5nm and a barrier layer n mold field to 2.5nm for the barrier layer 
undoping field. 

[0066] In Samples a, b, and c, Si concentration (average) was set to 4x1018cm-3 in the barrier layer undoping 
field in 1x1 01 7cm Si concentration to less than [ 3 ], and a barrier layer n mold field. A result is shown in Table 
1. It became clear that luminous efficiency is improved notably by adopting the structure of the example 2 
which carried out n mold dope of undoping and right above [ well layer ] directly under the well layer. 
[0067] <Example 2 of a comparison> In the semiconductor laser shown in an example 2 and drawing 6 , the 
sample which set Si concentration (average) of a barrier layer n mold field (n mold InO.02GaO.98N layer 701) to 
1x1019cm-3 was produced and evaluated. A result is shown in Table 1. By Si concentration of this example of 
a comparison, it became clear that luminous efficiency falls on the contrary. 
[0068] 
[Table 1] 
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[0069] <Example of reference> Drawing 9 , drawing 10 , and drawing 13 are graphs which show the result of 
having produced the semiconductor laser which doped Si to the InGaN multiplex quantum well barrier layer, 
and having measured a luminescence life, PL luminescence wavelength (energy), and luminescence 
reinforcement. The structure of semiconductor laser is the same as that of drawing 2 except for a barrier 
layer. Quantum well structure was made into the structure which consists of three periods of the InO.2GaO.8N 
quantum well layer of 3nm of thickness, and the InO.02GaO.98N barrier layer of 10nm of thickness, and doped 
Si all over the barrier layer. Si concentration was measured by SIMS. Moreover, the second harmonic wave 
(SHG) (370nm, 80MHz, average output of 5mW) of picosecond mode locking TkSapphire laser was used for the 
excitation light source of PL measurement. 

[0070] Drawing 9 is a graph which shows Si concentration and the relation of a luminescence life. When Si is 
doped by the concentration exceeding 5x1018cm-3, it turns out that the luminescence life became short 
rapidly and the quantum well has deteriorated. Drawing 10 is a graph which shows the relation between Si 
concentration and PL luminescence wavelength. Although luminescence wavelength short-wave-ized along 
with the increment in Si concentration, it became clear that the effectiveness is saturated with 5x1018cm-3. 
Drawing 13 is a graph which shows the relation between Si concentration and luminescence reinforcement. 
Even if Si concentration was too high and it was too low, it became clear that luminescence reinforcement 
falls. 

[0071] When a luminescence life's falling from the above thing if Si concentration's is made high too much, and 
Si concentration were made low too much, it was checked that luminescence energy and luminescence 
reinforcement fall. 

[0072] As shown in the above-mentioned example of reference, since a luminescence life fell rapidly while a 
piezo shielding effect is saturated with the field exceeding 5x1018cm-3 in high impurity concentration, even if 
it raised high impurity concentration in this field, it was checked with the structure which doped Si all over the 
barrier layer that luminous efficiency falls. Although the above-mentioned example of reference is an example 
which doped n mold impurity to the whole barrier layer, the conclusion obtained here is right above [ undoping 
and / well layer ] applied similarly in the comparison of the example (an example 2, example 2 of a comparison) 
considered as n mold dope directly under a well layer. That is, the improvement effect of luminous efficiency 
was accepted in the example 2 which makes high impurity concentration in the barrier layer of well layer right 
above about [ 5x1 01 8cm - ] three, and luminous efficiency got worse in the example 2 of a comparison which 
makes high impurity concentration in the barrier layer of well layer right above about [ 1x1 01 9cm - ] three. As 
a result of fully not recovering crystallinity but the defect of a well layer increasing while forming the undoping 
field even if it makes an undoping field intervene and forms a well layer after that when it considers as the high 
impurity concentration exceeding 1x1019cm-3, it is imagined as that to which luminous efficiency gets worse. 
In this invention, high impurity concentration in the barrier layer of well layer right above is made or less 
[ 5x1 01 8cm - ] into three based on the above experimental result. 

[0073] <Example 3> Drawing 8 is the outline sectional view of the III— V group nitride semi-conductor light 
emitting diode concerning this invention. On silicon on sapphire 801 with a thickness of 330 micrometers used 
as a front face, C side The low-temperature GaN buffer layer 802 with a thickness of 40nm, n mold with a 
thickness of 1.5 micrometers The GaN contact layer 803, the n mold GaN layer 804 with a thickness of 4 
micrometers, the undoping GaN layer 805 with a thickness of 7.5nm, the In0.2Ga0.8N barrier layer 806 with a 
thickness of 3nm, p mold aluminum0.15Ga0.85N layer 808 and the p mold GaN contact layer 809 with a 
thickness of 20nm with an n mold GaN layer [ 807 ] of with a thickness of 5nm and a thickness of 50nm, the p 
electrode 810 which consists of a two-layer metal of nickel/Au, and the n electrode 81 1 which consists of a 
two-layer metal of Ti/aluminum are formed. In drawing 8, the n mold GaN contact layer 803 is exposed by 
etching, and the n electrode 81 1 is formed in the top face. 
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[0074] Next, the process of the layer structure of drawing 8 is explained. MOCVD was used for formation of 
each semi-conductor layer. The growth pressure was set to 100Torr(s) in all fields, moreover — as V group 
element source of supply — NH3 — as an IILgroup element source of supply — TMG, TMA, and TMI2 (EtCp) 
— the saturated steam was supplied within the reaction using Mg and SiH4 by carrying out bubbling of each 
cylinder temperature by N2 of pressure 760Torr about an organic metal as -10 degrees C, 20 degrees C, and 
30 degrees C. First, the silicon on sapphire 801 which uses C side as a front face was installed within the 
reaction, it heated at 1100 degrees C under the hydrogen ambient atmosphere, and clarification on the front 
face of a substrate was performed. Next, substrate temperature was made into~500 degrees C, TMGSsccm 
and NH310slm were supplied, and the 40nm low-temperature GaN buffer layer 802 was formed on silicon on 
sapphire 801. Next, supply of TMG was stopped and substrate temperature was made into 1100 degrees C. 
Subsequently, TMG15sccm, SiH410sccm as a dopant, and NH310slm were supplied, and the n mold GaN 
contact layer 803 with a thickness of 1.5 micrometers was formed on the substrate 801. Furthermore, 
TMG15sccm, SiH45sccm, and NH310slm were supplied on the substrate, and the n mold GaN layer 804 with a 
thickness of 4 micrometers was formed. Next, only supply of SiH4 was suspended, supplying TMG15sccm and 
NH310slm was continued for 100 seconds, and the undoping GaN layer 805 with a thickness of 7.5nm was 
formed. Then, the temperature of a substrate 801 was held at 800 degrees C, TMGIOsccm, TMI50sccm, and 
NH310slm were supplied, and the In0.2Ga0.8N barrier layer 806 of 3nm of thickness was formed. Furthermore, 
TMGIOsccm, SiH45sccm, and NH310slm were supplied, and the n mold GaN layer 807 with a thickness of 5nm 
was formed. 

[0075] Subsequently, the temperature of silicon on sapphire 801 is held at 1 100 degrees C, and they are 
TMG15sccm and TMASsccm, 2Mg 5sccm and NH310slm were supplied as a dopant (EtCp), and p mold 
aluminumO.15GaO.85N layer 808 was formed. Next TMG15sccm, 2(EtCp) Mg5sccm, and NH310slm were 
supplied, and the p mold GaN contact layer 809 with a thickness of 20nm was formed. Then, the substrate was 
picked out from growth equipment and the p electrode 810 which consists of a two-layer metal of nickel/Au 
was formed with vacuum deposition. Moreover, it is p mold by etching. The GaN contact layer 809 was 
exposed and the n electrode 811 which consists of a two-layer metal of Ti/aluminum was formed in the top 
face with vacuum deposition. 

[0076] The obtained light emitting diode had the structure in which undoping GaN layer 805 / 806/n mold GaN 
layer 807 of barrier layers carried out the laminating in this order, and the profile of each class was as follows. 
3 less-than [ undoping GaN layer 805: / 7.5nm of thickness, 3nm of less than / Si concentration 1x1 01 7cm- 
3 / barrier layer 806:thickness, and 1x1 01 7cm Si concentration to ] n mold GaN layer 807: 5nm of thickness 
and Si concentration [ of 4x1 01 8cm ] (average)-3Si concentration were measured by SIMS. 
[0077] Moreover, simple evaluation by wet etching is performed about the sample which formed the semi- 
conductor layer in the same process as the above, and it is p mold. When the polarity of the GaN contact layer 
809 was investigated, it was checked that the front face of this layer is a Ga side (c-th page). About the light 
emitting diode of this example, when the performance evaluation was carried out, good luminescence 
reinforcement and a luminescence life were acquired. 

[0078] As mentioned above, although the example of this invention was explained with reference to the 
drawing, this invention is not limited to these and various modifications are possible for it. For example, other 
layers of the ultra-thin film 2nm or less may intervene between a barrier layer undoping field and a well layer 
and between a well layer and a barrier layer n mold field. Moreover, gestalten various in the range which does 
not deviate from the range of this invention can be taken also about the class and concentration of n mold 
impurity. 
[0079] 

[Effect of the Invention] As explained above, it had the laminated structure by which according to this 
invention the well layer was formed on the undoping field and n mold field was formed on it, and n mold high 
impurity concentration in n mold field is specified to predetermined concentration. For this reason, maintaining 
the crystallinity of a barrier layer good, the effect of piezo electric field can be reduced and outstanding 
luminous efficiency can be realized. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. * 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The well layer and barrier layer which consist of an III group nitride semi-conductor [x, y, - (x+y), It 
is the quantum well structure which comes by turns to carry out a laminating to the crystal orientation 
expressed with z] (x and y are the integers of arbitration and z is the natural number). Said barrier layer 
Quantum well structure characterized by for the high impurity concentration of said n mold field being three or 
less [ 5x1 01 8cm - ], having formed said well layer on said undoping field, and forming said n mold field on this 
well layer including n mold field and the undoping field where n mold impurity was doped. 
[Claim 2] Quantum well structure characterized by the high impurity concentration of said n mold field being 
three or more [ 1x1 01 7cm - ] in quantum well structure according to claim 1. 

[Claim 3] Quantum well structure characterized by the high impurity concentration of said undoping field being 
less than [ 1x1 01 7cm - ] three in quantum well structure according to claim 1 or 2. 

[Claim 4] claim 1 thru/or 3 — the quantum well structure characterized by being formed on an III group nitride 
semi-conductor substrate in quantum well structure given in either. 

[Claim 5] claim 1 thru/or 4 — the quantum well structure where thickness of said n mold field is characterized 
by 2nm or more being 10nm or less in quantum well structure given in either. 

[Claim 6] claim 1 thru/or 5 — the quantum well structure characterized by the thickness of said undoping field 
being 3nm or more in quantum well structure given in either. 

[Claim 7] claim 1 thru/or 6 — the quantum well structure characterized by said well layer containing In in 
either in the quantum well structure of a publication. 

[Claim 8] claim 1 thru/or 7 — the quantum well structure characterized by including at least a kind of element 
chosen from the group to which said n mold impurity becomes either from Si, O, germanium, and Sn in the 
quantum well structure of a publication. 

[Claim 9] claim 1 thru/or 8 — the quantum well structure characterized by n mold high impurity concentration 
decreasing continuously in the field between said n mold field in said barrier layer, and said undoping field in 
quantum well structure given in either. 

[Claim 10] claim 1 thru/or 9 — the quantum well structure characterized by equipping either with two or more 
layers of of said well layer and barrier layer in the quantum well structure of a publication, respectively. 
[Claim 11] It has a semi-conductor substrate and the quantum well structure formed on it. Said quantum well 
structure The well layer and barrier layer which consist of an HI group nitride semi-conductor [x, y, - (x+y). It 
comes by turns to carry out a laminating to the crystal orientation expressed with z] (x and y are the integers 
of arbitration and z is the natural number). Said barrier layer The semiconductor device characterized by for 
the high impurity concentration of said n mold field being three or less [ 5x1 01 8cm - ], having formed said well 
layer on said undoping field, and forming said n mold field on this well layer including n mold field and the 
undoping field where n mold impurity was doped. 

[Claim 12] The semiconductor device characterized by the high impurity concentration of said n mold field 
being three or more [ 1x1 01 7cm - ] in a semiconductor device according to claim 11. 

[Claim 13] The semiconductor device characterized by the high impurity concentration of said undoping field 
being less than [ 1x1 01 7cm - ] three in a semiconductor device according to claim 11 or 12. 
[Claim 14] claim 11 thru/or 13 — the semiconductor device characterized by said substrate being an III group 
nitride semi-conductor substrate in a semiconductor device given in either. 

[Claim 15] claim 1 1 thru/or 14 — the semiconductor device to which thickness of said n mold field is 
characterized by 2nm or more being 10nm or less in a semiconductor device given in either. 
[Claim 16] claim 11 thru/or 15 — the semiconductor device characterized by the thickness of said undoping 
field being 3nm or more in a semiconductor device given in either. 

[Claim 17] claim 11 thru/or 16 — the semiconductor device characterized by said well layer containing In in 
either in the semiconductor device of a publication. 

[Claim 18] claim 11 thru/or 17 — the semiconductor device characterized by including at least a kind of 
element chosen from the group to which said n mold impurity becomes either from Si, O, germanium, and Sn in 
the semiconductor device of a publication. 

[Claim 19] claim 11 thru/or 18 — the semiconductor device characterized by n mold high impurity 
concentration decreasing continuously in the field between said n mold field in said barrier layer, and said 
undoping field in a semiconductor device given in either. 
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[Claim 20] claim 11 thru/or 19 — the semiconductor device characterized by making said quantum well 
structure into a barrier layer in a semiconductor device given in either. 

[Claim 21] claim 11 thru/or 20 — the semiconductor ^device characterized by equipping either with two or 
more layers of of said well layer and barrier layer in the semiconductor device of a publication, respectively. 
[Claim 22] The manufacture approach of the semiconductor device characterized by to include the process 
which forms said well layer where it was the approach of manufacturing a semiconductor device according to 
claim 21, suspended supply of the material gas of said n mold impurity, and it supplied the material gas of an III 
group nitride semi-conductor after forming said n mold field, Supplying the material gas of an III group nitride 
semi-conductor, and the material gas of n mold impurity, and the material gas of n mold impurity in a growth 
ambient atmosphere is eliminated after that. 

[Claim 23] The manufacture approach of the semiconductor device characterized by considering time amount 
after suspending supply of the material gas of n mold impurity until it starts formation of said well layer as the 
above for 30 seconds in the manufacture approach of a semiconductor device according to claim 22. 



[Translation done.] 



../tran_web_cgi_eije?u=http%3A%2F%2Fwww4.ipdl.ncipi.go.jp%2FTokujitu%2Ftjitemcnt.ipdl%3FN0000%3D21%206/11/15 



JP.2003-229645.A [DESCRIPTION OF DRAWINGS] 



1/2 ^— v 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated., « 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the band Fig. of a quantum well which consists of InGaN. 

[Drawing 2] It is drawing in the conventional technique showing n mold impurity doping profile of a well layer. 
[Drawing 3] It is drawing on which the band structure of the quantum well in this invention was drawn typically. 

[Drawing 4] It is the outline sectional view of the ffl-V group nitride semiconductor laser concerning this 
invention. 

[P.rawing.5] It is drawing showing the structure of the multiplex quantum well structure barrier layer in drawing 
4. 

[ Drawing 6] It is the outline sectional view of the III— V group nitride semiconductor laser concerning this 
invention. 

[Drawing 7] It is drawing showing the structure of the multiplex quantum well structure barrier layer in drawing 
6. 

[Drawing jQ It is the outline sectional view of the HI— V group nitride semiconductor laser concerning this 
invention. 

[Drawing 9] It is the graph which shows Si concentration and the relation of a luminescence life. 
[Drawing JO] It is the graph which shows the relation between Si concentration and PL luminescence 
wavelength. 

[Drawing 11] It is Si concentration profile and In concentration profile of a quantum well barrier layer which 
were obtained in the example. 

[Drawing 1 2] It is drawing for explaining a difference of Ga side and N side. 

[Drawing 13] It is the graph which shows the relation between Si concentration and PL luminescence 

reinforcement. 

[Description of Notations] 

401 Silicon on Sapphire 

402 Low-temperature GaN Buffer Layer 

403 N Mold GaN Contact Layer 

404 N Mold Aluminum0.07Ga0.93N Cladding Layer 

405 N Mold GaN Lightguide Layer 

406 Multiplex Quantum Well Structure Barrier Layer 

407 P Mold Aluminum0.2Ga0.8N Cap Layer 

408 P Mold GaN Lightguide Layer 

409 P Mold Aluminum0.07Ga0.93N Cladding Layer 

410 P Mold GaN Contact Layer 

41 1 P Electrode 

412 N Electrode 

413 Ridge Structure 
414Si02 Film 

501 N Mold In0.02Ga0.98N Barrier Layer 

502 Undoping InO.02GaO.98N Barrier Layer 

503 Undoping InO.2GaO.8N Well Layer 

601 N Mold GaN Substrate 

602 N Mold GaN Layer 

603 N Mold AluminumO.07GaO.93N Cladding Layer 

604 N Mold GaN Lightguide Layer 

605 Multiplex Quantum Well Structure Barrier Layer 

606 P Mold AluminumO.2Ga0.8N Cap Layer 

607 P Mold GaN Lightguide Layer 

608 Oxidation Silicon Mask 

609 P Mold AluminumO.07GaO.93N Cladding Layer 

610 P Mold GaN Contact Layer 

611 P Electrode 

612 N Electrode 
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613 Opening 

614 Oxidation Silicon Film 

701 N Mold InO.02GaO.98N Layer 

702 Undoping InO.02GaO.98N Layer 

703 Undoping lnO.2GaO.8N Layer 

801 Silicon on Sapphire 

802 Low-temperature GaN Buffer Layer 

803 N Mold GaN Contact Layer • < 

804 N Mold GaN Layer 

805 Undoping GaN Layer 

806 In0.2Ga0.8N Barrier Layer 

807 N Mold GaN Layer 

808 P Mold AluminumO.15GaO.85N Layer 

809 P Mold GaN Contact Layer 

810 P Electrode 

81 1 N Electrode 



[Translation done.] 
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[002 8] $ft, nSI»iOJ¥^tt, &?£L<tt2n 
mfcLL i*)!?fL<!i3nral-X±Tfel>„ ±lto^ 
Ttt, Ji?$L<tt 1 0nm«T> J:D»SL<S8nm 

[002 9] xmnias^T, nrnm^tyyv-fm 

«*«t)«fcWW^ftOnlPf>HWI*tt, 3X10 
18 cm" 3 WTfT^iii:*WSL^o <l<0J:^tt 

mt r mn:%m set 

[0 0 3 0] *%B^cfcl/>T, StSti, a^toto^jf 
ffl-T«Ci:!b^*S 0 fttAtf, GaN, AIGaNf 
©1 1 IffiSfW^Sfe ^77^7, S i C, M 
gAh 0, VQJMltttgSW&fflt'SC&tf-?* 
S, il©^-5, I I I KSfttl^ftStg^ffl^ftl 

7'C7^0Sa«flS«%ffl^TG a NJMHSft*»64 

^rsn^utt^D, *+U7^Kt}fffi?ni^)t 

t, JgttjH^fcS i«©*ttft*Jt8M#fifcF-7'L 
50 fti§£, mKELftiTlcS i t<i;?>ig't4®©Jg B H B p D BK^ 



•(6) 



mtbx\ 1 1 mmm*mmmm\ cnt, 

[0031] ±e&s*^ ummwimmm 
mmit^mt, tc t m i o ! m/ c m 2 ixtt&s c 

\Ztf.~$ F I E LO (Facet-Initiated Epitaxial Latera 
1 Overgrowth) ^SWa^^T -<tS.\i^^\m\Z £ 
DfiSClttf-etSo 

[0 0 3 2] (F 1 E LOS) +r7 7-f7lfC>S&±lc 

VX^JMtSo VX^IflPgPfcGaN^lK^lR] 
tlci:*), Sffi&{i£;S©'>&^G aNl 

117 *f (19 9 9^) ^7 7 4H~^7 7 9Hj % 

T'V X £ £ ffl ^ T 1 & X 7 f- > y -T -5 C t IC X <9 X h *j 
N X b ^ 7©±E S fc «ffliJEfr 6 HafifiKSS •&« <: i: 

T'£So ^yr>f*xtf**5/&fcOI/Vttt, 7c£;tfcf 
TTsvetankas. Zhelevaet. A 1 . I MR S Internet J. Ni 
tride Semicond. Res. 4Sk C3.38(l999)j ^tcf2tc£ft 

[0 0 3 3] &4b\ 1 1 llgfbWj»{*»^gffig<u 

TEMg^ts^ ^TrnftSfc^iKtscttf-e 

£So 

[0034] *5&mfcfc»ts rni^gftW^j 

(4, -MSI nxAlyGaN (O^x^K 0^y^ 



sgssnSo 

[0 0 3 5] *5gW£«S*?#FflBfitt, m&Sft: 
WIWfrBaSftPWttfllBlfl 1 , [x, y, - 
(x+y) , z] (x, yttffigt©SST&!K zteg^ 
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[00 0 1] 75fafclE©)£#£WtS¥?il{*l 
IWJ 7 A&¥^{*£Wc Waifs (1-1 

0 i ) Bk (11-2D wttti&mt*z%9#m 

[0 0 3 6] d©<t9^ B B B ^ft[S©l('Hi, 7c£*.tf 

ft sew s 7t«^ p> nr i/> 5 a^ffffi-f s 

1 n, A 1 y G a .-«-„ N(0^xSl>0^y^ 
1) $HRU CM. t&t>*> (00 0 1) 
5Bil-fcl£\ ft^B&IIl 2lc^tJ:9lcG aB 

Sftftfctt, XH»«W { *»"ff**« { , SB£rIt£©S 



50 



$T'7xy bXy^y^SCfctiDfaffifcresB 

7K^ft:^ , J7A©J:o^X7^>'^iJ^ 

ttit) G affi (cffl) frNffl (-ci) *\ § 

news* scktf-p**. *^TM^tsiia B a B ^* 
t, cffis (oooi) s^gUfKSSfrs 

^»ftl^JS*^-&Sfci6(ctt, ««HE£7j<i!I^HS 

^©^ft-e^M9fSC^*^TfeSo 
[0 0 3 7] *SMtt, ttpBt) % I n^#tr«^(cJiffl 
L7cl^s iUjttSWtf**. I n ttStti*tfi^S 

^scu^-rt^iit^enTt^So c:ofci6i?#p 

*fct 0 xy"«Wtf58£-fS£, I nWffl^fttJ: 
TO-ts ^xVmStfcJ;S^fflfc*W^T, 

timtmmtz 1 i tec -r . 

intf , d©<£ 5 4Sft*Jft*WtWWT*, 
S„ 

[0 0 3 8] *^ICfct^T, nS«DH S K 
0, G efeitfS nfr£&S$fr£!#?2ftS'>&< t 
t-a^Tn^^trtcOfc-rsCt^St^o COJ; 

WWTftft. 

[0 0 3 9] *5BHt^^T, WaiifOnSffi«i:7 

tSo 

[0 0 4 0] 

[Uttffi ^sat« i > 0 4 (± *58jiifcft * 1 1 1 - v mm 



(1) 



11 



Cffi£ Sffi T S J? £ 330 /i m © 7 7 7 Sft40 1 ± 
fc, JP240nmOffifiGaH/^^7r-Jl402^ BM?1.5fi • 
m^ngi GaN3 y * £ F®403, )f 2 1 p mOnSAW Ga 
0.93 N^77 F1404> g£G. 1 /x mCOnSGaNJt^ F14 
05, g?3nmOIno. 2 Gao.s Nt?#FB£J?2l0n m(D 

ino.o 2 Gao. 33 m^Mt^^mm^mm=?npm^ 

rgttl406, J?220nm<DpSAlo. 2 Gao.s 7^140 
7, JfS0.1fimOpaCaN3t3ff-< FJI40B, »20.6/im<D 
pSAlooT Gao.« N*5y K1409, S*0.05/iinOpSCa 10 
N3V*?FJl4ia Ni / Au02B£Jgfr5ftSp®841 
K Ti / Al©2Ji^Sn«ffi412A^Jfi?nTi/^So 0 4 
tcfc^Ts pS^y Fl409i:pS3>^^ H410tix 

ukijniistu y 7> ? oalg|5^^^T^^nfcSi02l 

Fl403%BfflS-ti\ £0±ffifcnmffi412£fl£j$LTl/> 

too4i] %fcs m 4 os«ifio3jetoi/>Tiiiwr 20 

(WT«OCVD)*ffl^fe. $ftE7:«¥*ftS©$§©t 

X 7 V *z - 7 (tCFNHa ) % , III K7C%$&£[ L T h 'J 
;^;l/#y 7A(WTrMGX F'J ^l^/US-CrACM 
TWO, Fy^;WV^*7AaXTTMlX tfXx^;l/ 
n^y* ^xx;l/V 7* y 7 A (JJCF (EtCp) 2 Mg) , 

tlO^'J V^-jaftS-WC, 20°C> 30*Ci:l/t> E737 

eoTorrONiT^yyyfaciit.tt), ^©g&falSi 30 

500°C t L , TMGSsccmRtfNHs 10slm£#y£bT'y-77'f' 
7StS401±t40n mOfiSGaN/Vy 7 7-H402£JM 

fco OI/^TUGlSscci, F-^VF£UT©SiH<5sccBR 
rJNHs lQsli*#M&LT»E±fcJirai. 5/i mOngJCaNn 
V** hH403£JMLfc„ SSfc* Sfi±tT¥Gl5scc 
■, TMA5sccDi, SiH.5sccmRt»10slm£#;£SU 021 40 
/i m©nS Alo.07 Gao. 9 3 N^7 7 F!404£\ O^TTMGl 
5sccm, SiH,5sccra&tfNH3l0slm£§y&U Jf^O.^m 
OifflCaWttjJ'f F!405«ScLfc„ Sjg401cD 
&t£800°C(C'l£jf U TMClOsccm, TMI50sccmt U< «3 
Osccnu SiIl,5sccniS.O : NH3 lOslm^r^LTafeiifclJ? 
3nm©Ino. 2 Gao.s Nl^#pJItli]?5n m©Ino.o 2 Ga 
i» NRtll 03H JBfr 5> 4 S ^fitt? #F»SKStt!40 

[0 0 4 2] CCT, ^ll?#PltM!Sttl406(DffJ 
Bco^Tia5£ffl^Tt¥L<IBl$-f3o Sfi401©fi 50 
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Jt£800°Clc{Sif U TMClOsccm, TM130sccm, SiH,5sccB 
RCfNH3l0slm£MiLT2. 5 n m^nSInooz Gao.» N 

»l«501*»ja-r*.- #t£SiH< ©W6«#*fM:u 

fl!l©JH«*10(^IBWI&L«W, 7. 5nm©7VF-7l 
no.o 2 Cao.« NPI11502^^fiSc-r?.o SfttTHKDltttSl 
£50sccmfctlMU 3nm07VF-7'Ino.2 Ga..* N#p 

«503£EjjSc??>„ cioxs%3aw^»?jgts astir 

VK-7W Gao. 9! N«502Tl?71"?>„ W±©S141 

[0 0 4 3] u(Dj;5lC^fi!ctfcS1tl406±tcTMG15sc 
cm, THA5sccb, Y-Ay V t LT(EtCp)jHg 5sccmSt>*N 
H3l0slm*P^Ls )f220nmcDpiyAlo.2 Gao.s 

7l407%^LfCo •3^-p»K4O10fi*4ll«rcfcffi 
5fts StS±tTMGl5sccm, h LT(EtCp) 2 Hg 

SsccmROm 10sli*#tt&bTW?0. 1 M m^pSIGaN^ 
*V Kl408%^L7Co OV>T*THG15sccn, TMA5sccn, 
V—Ay h t LT (EtCp) 2 Hg 5sccBRtfNHs lOsU^ffi^ 
LTpSAlo.07 Gao. 9 3 N^7 7 F1409*JBfi!ct7Co o€ 
tSfeJttTMGlSsccB, (EtCp) 2 Mg5sccB^t?NH3 10slm£ 
^l&L^ jP20.05/tm<DpSGaN3V^^ H4104^ 
L7c„ 8^401 ^fiScSgB.ty^OttiL, 17 

f-V^CfctJpSAkoi Cao.oj N^77 FH409i:p^GaN 
3>^7 FS410^ii3/im©XF-7^7«©y y i-^jl 
413lC*nIbfco 2?.tcy yS?«!aBaS*l*«f A TSi(kil414 
4^L^ Ni / tm<D2m&Mfrt>&ZvWi&4n%M£M 
Wc&Wl&Llt. Sfc, x-y^V^tct^nS GaN3 
H403^Stii2^ ^©±®fcTi / A1<D21^ 
)Ifr&£3n!ffi41 2 £g£l«l<:<J;9J&£U£o 

[0044] ft snfc**ftu— IfWSttHtt, Pill 

r > F-7nl«/#P«/Pliil n S®«^«1 

W£M7yY-~? ! m$. (7>F-7lno.o 2 Gain 
^502) :1)P7. 5nm, Sijftgixio" 

#P« (7VF-7ln«, 2 Gao. 8 N#p)i503) : Ji 
m, S i 'MA 1 X 1 0 l cm' 3 
BSHnSg« (ngJIno.02 Gao.sa N@1S501) 
2. 5nm, Si?M(¥^ffi) 4X1 O 13 cm 
S iitJtttS IMStiOfflSLfc. ill Ifttttftftl 

t1fp»nfcl^prS14Ji©s i«a/P7 7'f;i/fe«J; 

if-2»t*5iieB*f!0Jtcrft«>, tttiisniTawa 

<o 11 l£fc^TfcSi#RgHirF©#F 

5*^ ^ttt^P® (r>F-7lno. 2 Gao. 8 N#P@5 
03) ©*±©»tS"i»tta< S i #K-73tlT^S. 
[0 0 4 5] Sfc. ±Ei:Pltt©7 , o-bXT^ftl* 
ffM b fc 1 0 1 ^ T 7 x y h x -y f - > y t .i: S 1 ^ "if 



c m 



rJ¥3 n 



-3 



13 



pSGata V$ >J FJ§4lO©i|i1t£I8K£ t C 
l©£ffi»C affi (cffi) T'S«ilt«? 



5, C© 
ftfc 

[0046] t-mmmmwv-mcD^r s msk 
&*mxf%ym$i%nmc£t)tmi,rztz.6. ism 

mti Oa.u., ftimtilltQ. 8nsX&otc 0 

[0047] nm^m* F-ftrm 

VZ, c tie £ t) , S£SiWASIEBOE9AI<:»a 

[0 0 4 8] Pfit/i©?*3#pJIiiT©g|5#tO 

[0 0 4 9] ftfc, #Hfi&#Jl?«:, ngJlnoK .Gao.« NPf 
HI 5 0 1 i:7> K-^Inooz Gao. » NPlll/l502©z:g 

[00 5 0] <H»J2> 06tt*Hffl«It«SIII- 

l^T, c<0III-VSS8ffcftl*WftU-m Cffi^gffi 
ir-f3JS£330fi m©niyGaNS^601±fc U-+fffig*^ 

S?nT^S. £ ©nSGaNg|£60Hi, MjfLfcF I E 
L O&Jc J: D ftS L fc fe ©7* »> , U >»3RJS}8E*ffl 1/ ^ 
T8£ 2 tfftx v f - y f tr 7 F ®!BS*9J3£ L fc i: c 
5, SffiigffigStf 1 0'i/cm 2 *iT$ofc ( ££ 

-¥yyyv77jMz&%mmi^<Dfa±$)mi\ <t 

[00 5 1] $fnSCaN»«601±t, ®Sl.5/im©n 
Si GaNl602s )f$l/im©n§yAlo.07 Cao.» ^77 Fl 
603, W30.1/im©nSCaN3frff'f KS604, J¥£3nm© 
Ina. 2 Gao.3 Nl?#FltJ?2lOnm©Ino.K Gaoa NPf 

20nm©pSAlo.2 Gao.s N^-r 7 771606, J?£0. 1/im© 
pglCaNJW FS607, pSGaNJfejtf-f Kl807±fc»J*S 
ft, ~H$¥Mlp m©7 h7'T7 > raPg|?613^#ofcJf 
£0. 2 /i m©gftgSlvX ^608, X 7608± 

tlfl^tJfM2ft;fcJP£0.5/im©pSAko- Gao93 .\ : 
?77 F1609, Jf^0.05p.m©p§UGaNny^^ H61 
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0, Ni / Au©2H&JIfr£>£.5p®ffi61K Ti / Al©2il 
£lifHS612tfJgf££ftT^£o 06t|5^T, nSHGaN 
S&601©gffifcnWi612£flMLTVSo 

[0 0 5 2] *t, iNWMO^riDSlcov^TIWr 
§0 ¥gftffi©^c{4M0CVD£ffl^?Co $§E*fi£ 
TCfflKTlOOTorri: Lfc. Sfc VW&kWkWt LTN 
H 3 £, 1 1 1 WxM$3&W. tLX TMG, TMA, TMI, (EtCp) 2 

Mg, siH.%fflv\ wti^Jito^Ta^n^n©^ 1 ;^ 

#"-)g*£-10 o C, 20°C, 30°CfcUT, E^]760Torr©N 2 

£f\ fii£«rtfcCM*Sffii:tSifflCaN 
Sffi60l*RHU #S^HSn : T1100iCfcjtalftU o 
^TiIG15sccm, h t LT©SiH« 5sccm&.t>*NH 3 1 

0slm^#t^LxSfeJ:lc:@?1.5^m©nSGaNM602*}g 
JjKLfco 2 St, S1g±fcTMGl5sccm, TUA5sccn, SiH.5 
scciRQFNHs 10slm^r#IJpL, J?^ 1 p. m©ng| Alco, Ga 
0.93 N^7 7 F1603^ OI/>T'TMCl5sccn, SiH4 5sccmR 
t>*NH 3 10slm£{H;!&U 9^0. 1 \i mCnSGaNJt^ F®6 
04*»j8Lfc. Oft, NSG a NM£601©i§fi£800 
20 "CfcffifipU TMGlOsccm, TMI50sccnfe U< tt30sccnSl>* 
Nlkl0slm£^LTSI£±fc^)l3nm©Irto.2 Gao. 2 Nl 
; ?#P®t^)ilOnm©Inoo2 Cao. 98 M'g.BVmfflfr 

[0 0 5 3] llT\ £M?#P«)iSftl605©^ 
jafcOV^TH7«ffl^TWt<RWf*. NSGaNS 
tg601©Sa^800°Ct^ts TMGlOsccm, TMI30sccn. 
SiH, 5sccmSt>*NH 3 lOsla^ffil&UT 2 . 5 n m©nSln 
o.o2 Gao.98 N/i701^}gfiSct«o ^tSiH< ©^©&£f# 
itL, ffi©H^100#^lfpLic^ 7. 5nm©7> 
30 F-7lno.« Gao. 98 N/f 702^JgfiScTSo 2StTMI©#t 
J^1^50sccnittglt, 3nm©7> F-^Inoz Gao.s N 

i703^jgjs-rSo c©ig^3jiWiii t ;jiL, aitfi7 

> F-T'Ino.oz Gao. 93 mmXl&TtZo J-X±©!Stt« 

[0 0 5 4] ■ortl?#pflBagttJB60S±t™ci5sc 
cm, THA5sccB, F-^> F UT (EtCp) 2 Ug 5sccm&OFN 
foWshZimi, )I^20nm©p§aAlo.2 Gao.e N*+7 
^JW06%Jgj« l/fc. O^TNfflGaNlltSfiOlOfta* 
HOO'CtcffiJtU J&R±»cTHC15scott, F-^>htt 
40 T(EtCp) 2 Mg 5sccmStfNH 3 10slm^i3±|gLTJI$0. 1 ^ m 
©pUGaNJW F«607^ffML/co Of (C^fbgilv 
X^608^JgfiicL/Co f "f NSC a N»fie01*giaS-p 

DHJ¥0.2(im©igm*li^JSLfc©^, 7* F U 
7 y-7 7IgB:0 ; x 7 ^ > yia t <t o Tii2. 0 /j m © 
HP»613*)BjSl/fc. ^©tt, StfNaGaN»R601 
^fiScSggt^LT1100 a Cti!lPiiL, TMG15sccm, TMA 
5sccm, V-tiy V t LT(EtCp) 2 Mg 5sccmSt>'NH3 lOslm 
^f^LTplAlo.2 Cao.2 KJW09*)B*Uft. 
50 OftTMGl5sccm, (EtCp) 2 MgSsccn&tfNIh lOslm^f^ 



19) 
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U (f?0.05/imOp§!|CaNay^^ M610£JBfi)cb 
ft. S&%J*ftttBJ:l>at>lHU Uy5>©« 

^*^TiHtgltli614£JMU Ni / Au<D2S£JI . 
fr5>&3pfMl61l£*£ltfk: iOMUc. £ft, N 
a N£ffi6O10«ffifcTi / Al©2l^JS*^ftSn« 
<l612£K£l»fc «fc t) Jfr£ Ufto 
[0 0 5 5] ff6tlfc¥«ftU- ; FOffittHk WSJI 

T'J&ofto 

(SSH7VK-^« (Ino.o2 Gao.9 3 N®702) 
7. 5 niru S i fig 1 X 1 0 " cm" 3 



#F>1 (7>F-yino.2 Gaos NS703) :JfJ?3nnK 

1 7 -3 



2. 



S i i8g 1 x 1 0 cm 
B&lnlJffitt (nSlno.02 Cao.® N»70l) : Sfl 
5nm, SilS(Wi) 4X1 o' 8 cm" 3 
S iS&ttS IMSfCttJpJ^Lfto 
[0 0 5 6] fft, ±.Etmm<D?v4zZ?¥$ 

ffi%ffV\ pMGaNn 2 hH6lO©$?14£!IKft d 

tlfto 

[0057] *nm&\<D¥mfoi'-*nc-o^T, man 

Jgfi 1 2 a. u. , ffltMfofo 1 . Onstbft. 
[0 0 5 8] nSWft* F-T'l/ft* 

h-s c fc <t o » astrtaj^gsHcBat ft tss 
Lftn^»^^#Fijss*t^ig^n^ii tz 

[0 0 5 9] $ft> ^gl<D-5^#pS«T©gP^tO 

7fcU <Sfitt©|fll±«H-5TV^. CO)7>F-yi 
*JdcJi L T t > S R8fc , F— 71 JMBf fc&ft b fc&Utt 

[0 0 6 0] ISBl«STfft»Ki: 
LT, {gSffiS-a^NMG a N»£6 0 1 *ffl<,>T^ 
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[0 0 6 1] nS*HSft K-717 

0ifc7> V-7M7<i2<O^MM<OIS'VW%£M*&&bT 

[0062] <mm\> mmmzs ®Qic7fibtcm 

ftb— tftc&l^T, ffittaos i F-tfy77n77-r 
;1/*H2 (a) , (c) fe«ktf (e) ©*5fcl/fcWB 

**n*nftH • iffffitfto 

[0 0 6 3] tiCBali, 02 (a) © n §R*Eft F- 1? 
y>f?V7 7 4)V*mbtci><DT°&>), WSfll On 
m, #F®3 nmtUMo 

[0 0 6 4] Kftbtt, 02 (c) (Onm-maY-V 

yf~?Xi-77 4)Wffi%btc%><D-!:ib<0, W£M 1 0 n 

m, #Fl3nmi:U n 

rm B£gJInS!®8*5ninfclT^'5. 
[00 6 5] Kf4c ti, 02 (e) OnS!*ttWK-e 

>77n77^;l/%$fflUftk©T?£Ds N@li On 

nu ttp!3nratU Ptg«7> F-7ff$£ 5 n 

[006 6] USa, b, feitfctfe^t, 0f!17 
V H-T^TH: S i W8L 1 X 1 0 ' 7 cm" 3 m 
P>SS n SliBWTtt S i S£ W9«0 % 4 x l 0 ' 3 
c m" 3 t Lfto 1 fc^to ftFS*T^7> 

K-7, #FJM±*nS!K-7Lfc£a$l2©«i6* 

[0067] <tmm 2 > n%0n 2,06 icKbtcm 

Wb— mclrS^T, ^IflnSfS^ (n^Inc.® Gao.ss N 



1 9 



-3 



40 



S701) i ilS (¥i^fS) £1X10 cm 
t LtcUnZim • ffffiLfco 1 fc^-To *Jt 

[0 0 6 8] 

can 



, • (to) ^12 0 0 3-2 2 9 6 4 5 

17 18 

1 



u n 




, #&3fc&JS / a. u. _ 


/ ns 


www 1 w* a 


— * 1 mi^k k II. 1 »j a v pi 


9. 0 


0. 6 






3. 5 


0. 3 1 




x*— y— i&y 


4. 3 


0.3 7 


^tl50|2 




1 2 


1. 0 


&1M2 




8 


0. 6 



[00 6 9] <JM9ffl> H9t Bl OfeJrfHl 3& 
I n G a N01i?#PiSttlt S i * F-7Xfc¥g 

-) feJ:tf5g)tatfi*»!lSLfceS*^-ry77tf» 

&2>o m?#PW&lt, HJP3 nm©Ino. 2 Gac Ni? 
#PlfcilJ?l 0 nm<01no.o2 Gao.» N^i?«©3^^ 

S&SlffiifcU PtlS^ffitS i«F-ytft. S i 
££(*s iMSfc,fc!>W£l/fc. PUfJSOliigft 

gfc«\ FD -y ^Ti -.Sapphire b— tfO^Z 

#KSa&(SHG)(370nju 80MHz, ¥^ffi*5uiW)^ffl^/c„ 
[00 7 0] 09li, Si^St^#^©M^^^f^ 
Si£5xio' $ cm" 3 ^S^fdlJtT F- \LV 
9tZt Sl*fc8JWl&iWS < ft 0 *?#P &{t: L T 
iVSCkflWS. HI Ott, SiitAkPUSft&fiOM 

hmmtt&w, *©a&iU45xio" cm' 3 -efflsarsi: 
t^?»Mcfto/co mi 3tt, siggt^sa©! 

[00 7 1] W±<7>CkfrP>, Si»8*»< l/f€3fc 
SBteWWWTF-r* c Si«ft*ffi<l/fif3fc3gifc 

[0 0 7 2] ±SB##fflt^-rJ;9t, B^l^ffifcS 
i * F-^LfcUBBTtt, Wl« 5 x i o 1 3 c 

*4fc^ ttpBit±©»§Srt© ; 1 ; W ! ft»S* 5 x- 1 

o 18 cm" 3 m&tt?>mmmzTimmm<Dim 



ixio" cm" 3 mttzmmz-eimKm 

^SitLfco 1X10" cm" 3 ttm^Z^WiMAS. 
tbtct§£. 7VF-7H^^a$€T#P 

^ifffiigg* 5 x i o ' s cm" 3 tTFfcbTVSo 
[0 0 7 3] <HffifflJ3> H8tt*5fflBfc:ff*III-V 
^§ftW^*^7 i e^^-F©«B§»TffiH-c-feS„ C 
ffi£ltE k T 5 H ^ 330 /i m (0-9- 7 7 -f 7 S1S801 ± , 
jf £ 40 n mCDffiSGaN/ 5 ! 7 7 7 -S802, Jf 2 1 . 5 fi m<Dn 
§y GaN3y^^F»803> Jf£4ft m<Dn§yGaWI804, (f 
30 S7.5nm©7>F-7GaNH805, JJ£3nm<Dlno.2 Gao. 8 N 
!gttiI806, J125nmOnlCaN«807, Ip250nni«p|yAl 
us Gao.!i NS808, Jp£20ra<DpIIGaN3>* F«80 
9, Ni / Au©2S&f|fr£>&Sp*ffi81<K Ti / AK02S 

T , X 7 f-V y t «t t) nSGaN 1803£Stb 5 

•tf, ^<D±ffi»CnSH811^figLTl/^o 

[0074] ^t, HsojiflBaoietoi/^Tttwr 

±T<D^T'100Torrkb/c„ $fcVffi7E5l^&Sk L 
40 THIb*, IIIflgaiHiaaifcbTTlB, THAv THK (EtC 
p)iHg, SiH<%/8</\ ^fl^JBtO^Ttt^n^n©^ 
U >^*-SS^-10°C, 20°C, 30°CfcLT, E^l760Torr 

©N 2 T*^7'J y ^"TS c kt«fc t» x *<&BSfifi!l&*EJS 

7 7^7S1S80l^KfflL, 7j<^H^TTil00'CtciP 

k U TMG5sccmROFNH 3 10slm*tt^tT-9-7 7-C7Sft[ 
801±tC40nmOfg^GaN/^7 7 7-®802^?fMbfCo 
^ICTMGCitt^^ifihL, atgrSlS^1100°Ci:Lfc c O 
50 ^T*THCl5sccm, F— h t LT<DSiH< lOsccmRD'NHs 1 
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Osli*08&LT*K8Ol±fcff 2 1. 5 fi m©nSGaN3 
* hl803&$AL;fc. 2 6^ SfehtUKlSsccB, Si 
H, 5sccmRc)» 10sl«*#t&U 924 /* m©nlCaN180 . 
4*»*Ufc, #fcSiH4©$*&€>#*f?ihU THC15scci 
RtfNHi 1Os1i%1OO#H0^LRW\ 957. 5n»©7 V F 
-7CaNH805£JM Uco *<D& Sfi801©fiJt£800 
•CfcfiWU TBGlOscci, THI50sccnRtfNH3 10slm^^|& 
UTSMJ¥3nni(DIno. 2 Gao. 8 Nt£ttS806£JMLfCo 56 
fc, TMGlOsccm, SiH«5sccm;&L» lOslnfc&l&U JP2 
5nm© nS!GaNl807£ L tz . 
[0 0 7 5] -9l/^-9-7 7-Y7Slg801<?)!Ua^llOO°C 
IcfSfU THG15scci, THA5sccn, F-/Sy F t LT(Et 
Cp)aMg 5sccmS.tfNH3lOslm^#i|&LTpSAlo.,5 Gao.ss N 
®808£flMl/fc. O^lcTMClSsccm, (EtCp) 2 Hg5sccm& 
CFNHs 10slm£{&S&U JPS20ni©pS!GaN3 V* * F«80 
9£Jfcj£Lfc„ Sfi^JK^SfiiDIROaiU N 

i / AuO21^S*»6a«p«S8l0%JISJ(»k:J:t)Jg 
$Uco xv?y*f\ci:i)pm CaNay^Fl 

809^Sffi?-&s *<D±ffifcTi / Al©2Jl#JIfr5>ft3n 
tS8 1 1 \c£*)B$.lfZo 
[0 0 7 6] ffSnfc58JW*-FI4, 7> F-7Ga 
N!805/ffi14S806/nSGaNS807tf COHT'ilS LfcS 

fZo 

7>F-7CaNl805 : JIJ¥7. 5 niru S i M& 1 x 1 

7N/WJ 
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[01] I n G a Nfrt>%m?#PV^y FBTC& 

So 

[a 2 ] flG*a*fcfetf* , #ps© n mm f- e 

[03] i^wtfettas^ttpc^v Fffit*sssw 

[04] *%Mt«5III-VSS{fc%^ll»U— »f© 

[0 5 ] 0 4 icmzznmTttpmfevtnvm&z 

[06] *»Wfcffi5lll-VKSft:»^»ftu— 

MWiiBB-p&s. 

[0 7 ] 0 6 fc:fett3£Si?#F^iSH410*it* 

^•f0-i?£>3o 

[08] #8liHfcffiSIII-V«M:fc¥^l^© 
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JI3 nnu S iSSl XI o" cm 



0 cm 
S14JI806 : 

nHCaNH807 :l|5nm, S i W& 4 x 1 

0' 6 cm" 3 30 
S iiftgtiS I MStiOflJ^bfe, 
[0 0 7 7] Sfc, ±fH^^1S©7n-bXT-^l*® ; & 
J&jiLfctSBfco^Tfx? Fx^V^fc-tSfBlfF 
ffi£frG \ pi GaN3 * F 1809cD<H4%iS<^ 

C©!©Sffi&Gaffi (cffi) TfeSCt^StE 
^txfco *H6SffllO«Jt^*-Fto^T. ttffifffffl 

[0 0 7 8] fiLL *89!©ISiiWfc"O^THffi*#!5B 

UTKWbfcjbV *^ttcft&teHS*ti*fc©"Ctt 40 
> fc#Fl©H^ #P® t S3SH n S!B« 

<fcK $7c. nS^ffi&C^ffcgfco^Tfc, #58 
[0 0 7 9] 

y F-7tS$±fc#pltf JM2fLs *©±fc n Sffltt 
#JftS;*ttfc8UB«it*frU fro, nSffiWfcfettS 



09] s\mMmm^mm?r<t^yy^^o 

[01 O] SiriatPL^Sfi©M^^-r^7T-S 

o 

[011] nasW"eff6nfci : fttp}Stt*©s ilia 

7D7 7'f;bfc<tt>" I nfifi7'P7 7'f/l'T*&3o 
[012] G a ffifeJ:tfNffl©iBa*IKWrS/c46©0 

[01 3] Si?igtPL%7 , c^)e©III^ ; S:/T-r^77TS 

401 -9-7 7^7*1S 
402 

403 nSCaNnV^^M 

404 nSAlo.07 Gao.93 N^yFS 

405 nSGaNftflVFJl 

406 znmmpmmm 

407 pSAlo.2 Gao.3 fMri-yTTl 

408 pSCaNftflM' K! 

409 pSAlo.07 Gao.93 N?7 7Fi 

410 pSCaN3V*^H 

411 pfHS 

412 r\W& 

413 U7S;«JB 

414 SiOaSM 

501 nSJlno.02 Gao. 33 NWSH 

502 /VF-yin™ Gao.93 

503 7VF-7 P Ino. 2 Cao.2 N#P. 

601 nSGaNfifi 

602 nSGaNJf 

603 nSAlo.07 Cao.93 i^7 7Fl 
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604 nSGaNft#VFl 

605 mmmpmrn'm 

606 pSAlo. 2 Gao.8 N*t7^1 

607 pSGaN)t^Kl 

608 mmm*?*? 

609 p^Alo.07 Gao.93 FH 

610 pSGaNnv^^hg 

611 p 

612 n 

613 UBPS 

614 sfkassst 

701 nSHno.02 Gao.93 NS 

702 7VF-7W Gao. 98 NJ 



(12) #^2 0 0 3 -2 2 9 6 4 5 
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*703 7>F-yino. 2 Gao. 3 Nl 

801 ^77^711 

80£ {gSGaN/W77— 1 

803 nSCaN:3>£*hJf 

804 n^GaNl 

805 7>F-^GaN® 

806 I no. 2 Gao.s 

807 nSGaNl 

808 pSUci* Gao.« N) 
10 809 pSGaNaV** h, 

810 pttH 

811 n*fg 
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